
- I  
L b 

I 

BELLCOMM. I N C .  
i' - 

SUBJECT: Powering-Down the Apollo Cormand DATE: April 18, 1967 
Module in an Emergency - Case 330 

FROM: W. H. Hodge 

ABSTRACT 

Two basic approaches to powering down the Apollo 
Command Module in an emergency such as an orz-board fire are: 

A. Removal of the distribution busses from t h e  fuel 
c e l l s  ar,d batteFies; 0%: 

B. Removal of all but a few highly desirable loads 
from the busses. 

After consideration of the pertirzent factors involved, 
it appears that total powering down ( A )  is unacceptable because 
some loads such as parts of the Envirormental Control System 
are necessary to survival or at least highly desirable to 
maintain in case of an emergency. In addition, partial power- 
ing down ( B )  is nct easily accomplished for a number of reasons. 
For  example, the large number cf switches and circuit oreakers 
and their inaccessibility under some circumstances make it 
practically impossible to selectively power down in time to 
aid an emergency situation. The fuel cells also impose limits 
on the rate of powering down because of their long thermal 
time constant. 

4 

(NASA-C8-154768)  P O W E R I N G - D C H N  T H E  APOLLO N79-72469 

C O H H A N D  HODULE IN A N  EHEBGENCY [Bellco~~ra, i ' 1nc.) 4 p 'Jnclas 
00/18 12545 

.. . 

.. 



BELLCOMM. INC. 

SUBJECT: Powering-Down t h e  Apollo Command 
Module i n  a n  Emergency - Case 330 

FROM: W. H .  Hodge 

MEMORANDUM FOR FILE 

I n  t h e  e v e n t  of  a n  emergency, such  as a f i r e  i n  t h e  
Apol lo  Command Module, crew r e s p o n s e  might  i n c l u d e  s e p a r a t i o n  
o f  t h e  e l e c t r i c a l  ene rgy  s o u r c e s  - f u e l  c e l l s  and b a t t e r i e s  - 
f rom p o s s i b l e  s h o r t  c i r c u i t s  and o v e r h e a t e d  w i r i n g  and equipment .  
T h i s  cou ld  be done i n  two ways: 

1. "Power-off," i . e . ,  d i s c o n n e c t i n g  t h e  d i s t r i b u t i o n  
b u s s e s  from t h e  s o u r c e s ;  o r  

2 .  llPowering-down,'l i . e . ,  removal o f  a l l  b u t  a few 
h i g h l y  des i r ab le  l o a d s  from t h e  b u s s e s .  

The p o s i t i v e  a s p e c t  o f  "power-offf '  i s  t h a t  i t  might 
be done r a t h e r  q u i c k l y  because  r e l a t i v e l y  few manual o p e r a t i o n s  
are r e q u i r e d  t o  remove t h e  b u s s e s  from t h e  o u t p u t s  o f  t h e  f u e l  
c e l l s  and b a t t e r i e s :  

( a )  Six s w i t c h e s  a r r a n g e d  i n  two groups  o f  t h ree  
each  on t h e  Main Di sp lay  Console i n  f r o n t  of 
t h e  Systems Engineer  d i s c o n n e c t  t h e  f u e l  c e l l s  
from t h e  b u s s e s ;  

( b )  S i x  c i r c u i t  b r e a k e r s  l o c a t e d  i n  a group i n  
t h e  r e l a t i v e l y  i n a c c e s s i b l e  Lower Equipment 
Bay c o u l d  be  used t o  d i s c o n n e c t  t h e  b a t t e r i e s  
from t h e  b u s s e s .  

I n  a d d i t i o n ,  removal  of  t h e  s o u r c e s  would i n c r e a s e  t h e  proba- 
b i l i t y  of r e l i e v i n g  a problem such  as f i r e  s i n c e  more c i r c u i t r y  
would b e  wi thou t  ene rgy  i n  a s h o r t e r  t i m e .  

T o t a l  d e - e n e r g i z a t i o n  o f  t h e  s p a c e c r a f t  seems 
u n a c c e p t a b l e ,  however, f o r  r e a s o n s  such  as t h e  f o l l o w i n g :  

1. I f  any o f  t h e  a s t r o n a u t s  i s  i n  h i s  s u i t  w i t h  
t h e  helmet on; t h e  s u i t  compressor  shou ld  n o t  
be t u r n e d  o f f  f o r  l o n g e r  t h a n  1 0  t o  15 seccnds  
because  o f  C02 a s p h y x i a t i o n  from l a c k  of a i r  
c i r c u l a t i o n ; *  

a''Review of Atmosphere S e l e c t i o n  f o r  Manned Space Program," 
by T.  A .  Bot tomley,  Jr. (To  Be Released) 
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2.  L i g h t i n g  would be h i g h l y  d e s i r a b l e  t o  a i d  f u r t h e r  
emergency p r o c e d u r e s ;  

3 .  Communications w i t h  t h e  ground and among t h e  crew 
would a i d  t h e  p rocedure .  

T h e r e f o r e ,  i t  seems t h a t  on ly  a p a r t i a l  loss o f  power i s  
a c c e p t a b l e .  

The l a t t e r  cour se  (powering down) would c a l l  f o r  
m a i n t a i n i n g  c e r t a i n  h i g h l y  d e s i r a b l e  e l e c t r i c a l  l o a d s .  A t  a 
b a r e  minimum, these  shou ld  p robab ly  i n c l u d e  t h e  f o l l o w i n g :  

(1) S u i t  compressors  

( 2 )  I n t e r i o r  f l o o d l i g h t s  

( 3 )  Communication equipment 

( 4 )  E s s e n t i a l  i n s t r u m e n t a t i o n .  

U n f o r t u n a t e l y ,  t h e r e  are a number of  problems i n  
q u i c k l y  powering down w i t h i n  t h e  c o n s t r a i n t s  o f  t h e  p r e s e n t  
e l e c t r i c a l  power sys tem:  

1. No e a s i l y  i s o l a t e d  s u b s e t  o f  e s s e n t i a l  equipment ,  
such  as l i s t e d  above, e x i s t s  and t h u s  a s e l e c t i v e  
d i s c o n n e c t  p r o c e s s  i s  n e c e s s a r y .  T h i s  o p e r a t i o n ,  
p robab ly  n e c e s s i t a t i n g  a c h e c k l i s t  because  o f  t h e  
la rge  number o f  c i r c u i t  breakers  i n  t h e  s p a c e c r a f t ,  
may t ake  a n  a p p r e c i a b l e  t i m e .  

2 .  I f  t h e  f u e l  c e l l s  a re  l e f t  on t h e  b u s s e s ,  and l o a d s  
s e l e c t i v e l y  removed b y  opening  c i r c u i t  b reakers ,  
t h e  thermal  i n e r t i a  o f  t h e  f u e l  c e l l s  c a u s e s  t h e  
bus v o l t a g e  t o  r i s e  above i t s  a c c e p t a b l e  l i m i t  
( 3 1  VDC)  . * To circumvent  such  o u t - o f - t o l e r a n c e  bus 
v o l t a g e ,  g r a d u a l  l o a d  removal  i s  n e c e s s a r y .  T h i s  
p e r m i t s  t h e  f u e l  c e l l  t e m p e r a t u r e s  t o  f a l l  enough 
t o  b r i n g  t h e  b u s  v o l t a g e s  w i t h i n  t h e  a c c e p t a b l e  
r a n g e .  

A c o n s i d e r a t i o n  a f f e c t i n g  any powering down p rocedure  
i s  t h e  f a c t  t ha t  t h e  s w i t c h e s  and c i r c u i t  breakers  t ha t  have t o  
be employed may no t  be w i t h i n  r e a c h  a t  t h e  t ime o f  t h e  emergency. 

*Mission Modular Data Book, F i r s t  Block I1 Manned Miss ion ,  
S e c t i o n  3 . 2 . 2 ,  December 1, 196G 
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For example, the circuit breakers that connect the batteries to 
the distribution busses are located in the Lower Equipment Bay 
and are, therefore, out of reach of the crew when they are 
strapped in their couches. 

In summary, neither "powering-off" nor selective 
"powering-down" seems advisable as a course to follow in case 
of an emergency. It seems that completely turning off the 
Command Module power is not feasible at all. 
powering-down might, however, provide a valuable aid in an 
emergency, but would not be practical unless the following 
actions are taken: 

A selective 

(1) 

( 2 )  

Identification of a subset n f  ~ecessary ar?",/=r highly 
desirable loads is identified; and 

Provisions are made for allowing quick isolation of 
these loads from the remainder of the electrical 
system; the fuel cell thermal characteristics men- 
tioned above would have to be considered in making 
any provisions for quick isolation. 
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